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Abstract 
Product configuration is an approach for implementing Mass Customisation (MC). With 
product configuration, each individual product is specified by configuration and the customer 
then makes decisions about the solution based on a set of available options. Typically, such 
options are presented by a configurator, which can support the customer in the 
configuration process. Hence, with such a configurator it is possible to configure multiple 
individual solutions – perhaps a large set of products.  
When a configurator is designed, a large number of design parameters must be considered 
and balanced decisions must be made. In order to support this decision making, a model for 
customisation has been developed. This model arranges customisation in four different 
levels of customisation, ranging from the structure level at the bottom, through the 
performance level and the value level to the learning level at to top. The model has a dual 
view on customers at one side and products at the other side and it is developed so that 
configurator designers must decide how far up in levels the configurator should reach. A 
specific configurable building, the Pregnant House, is used as the case product.  
Keywords 
Product configuration, product family model, product configurator, customisation levels. 
Introduction 
Mass Customisation (MC) was initiated more than one decade ago as a research topic with 
Davis’ publication “From Future Perfect: Mass Customisation” [Davis, 1989], presenting how 
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products and services could be realised as a one-of-a-kind manufacture on a large scale. 
Davis also presented the idea that the customisation could be done at various points in the 
supply chain. In 1993, Pine published a major contribution to the mass customisation 
literature: “Mass Customization: The new Frontier in Business Competition” [Pine, 1993], 
[Pine et al., 1993], which was an extensive study of how American enterprises during the 
seventies and eighties had been overrun by the efficient Japanese manufacturers, which 
could produce at lower costs and higher quality. Since its introduction, MC has called for a 
change of paradigm in manufacturing and several companies have recognised the need for 
mass customisation. Much effort has been put into identifying, which success factors are 
critical for an MC implementation and how different types of companies may benefit from it 
[Lampel and Mintzberg, 1996], [Gilmore and Pine, 1997], [Sabin, 1998], [Silveira et al., 
2001], [Berman, 2002].  
For obvious reasons, there are different strategies on how to implement MC most 
appropriately and it varies naturally also between different companies, markets and 
products. Because there is not a single generic strategy, it is important to look at the issue 
from different viewpoints. The fact that products must be easily customisable in order to 
achieve MC has been described comprehensively in the literature. [Berman, 2002] and 
[Pine, 1993] proposed that the use of modular product design combined with postponement 
of product differentiation would be an enabler to a successful MC implementation. This issue 
of course also relates to the question of readiness of the value chain. 
Mass Customisation and Product Configuration 
An often used approach for implementation of MC is product configuration, in which a series 
of products is defined by one single model – a product family model (see figure 1) 
[Jørgensen, 2003]. Hence, a product family can be viewed as the set end products, which 
can be formed by combining a predefined set of modules [Faltings, 1998], [Jørgensen, 
2003]. In the product family model, it is described, which modules are included in the 
product family model and how they can be combined. The result of each configuration will 
be a model of the configured product, configured product model. From this model, the 
physical product can be produced (see figure 1).  
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Figure 1 – Product family model as basis for configuration 
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From time to time, several different methods for defining product family models and product 
configurators have been proposed, each with their own advantages. A “Procedure for 
building product models” is described in [Hvam, 1999] based on [Hvam, 1994]. It is a 
rather practical approach with a seven step procedure, describing how to build a 
configuration system from process analysis and product analysis onto implementation and 
maintenance. For the product modelling purpose it uses the Product variant master method 
followed by object-oriented modelling to describe both classification and composition in a 
product family. The object-oriented approach is also applied by [Felfernig et al., 2001], who 
uses the Unified Modelling Language (UML) to describe a product family. This is done by 
using a UML meta model architecture, which can be automatically translated into an 
executable logical architecture. In contrast to [Hvam, 1999] this method focuses more on 
formulating the object-oriented product structure, rules and constraints most efficiently. The 
method also focuses on how the customers’ functional requirements can be translated into a 
selection of specific modules in the product family.  
A product family model is often the basis for development of a product configurator. A 
product configurator can be defined as a tool, computer software, which can support users 
in the configuration process [Faltings, 1998], for instance by selecting modules to compose 
products. Hence, with a product configurator, it is possible to configure multiple individual 
solutions – perhaps a large set of products. 
Application of Product Configuration 
Mass Customisation and product configuration is relevant for many enterprises and great 
benefits are normally found, where customisation is common and where the idea is 
introduced gradually. In general, however, the benefits depend very much on the product 
and the market. In the relationship between the manufacturer and the market or more 
precisely the product and the customer, the product configurator plays a major role. 
A major distinction regarding markets/customers is between business-to-business (B2B) 
and business-to-consumers (B2C) and an important dimension here is the degree of 
personalisation. Personalisation is most relevant in relationship with B2C and a high degree 
of personalisation towards individual customers or small groups of customers generates 
special requirements to product configurators but, on the other hand, this also raises new 
opportunities for increased volume. 
Development of computer based configurators provides a range of opportunities for adding 
new dimensions to the subject and configuration may also add more value to customers. 
Therefore, when a configurator is designed, a large number of design parameters must be 
considered and balanced decisions must be made. Many of the parameters are related to 
development of software systems, e.g. usability, reliability, flexibility and security. Some of 
these parameters will not be considered in detail in this paper. The primary focus will be on 
relationship between market/customer and the product and a new model with identification 
of customisation levels is developed and presented in the following. 
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Customisation Levels 
Most of the methods, which exist for product family modelling, focus on modelling of the 
solution space of a configuration process. This means that they describe the possible 
attributes of the products and the product structure. Hence they do typically not focus on 
additional information which goes beyond, what must be used to perform the configuration 
itself. This kind of information, which could include e.g. customer, market, logistics and 
manufacturing information, is according to [Reichwald et al., 2000] similarly important, 
since a successful implementation of MC must integrate all information flows in the so called 
“Information Cycle of Mass Customisation”.  
In order to support the decision making regarding customisation of products, the following 
model for customisation has been developed (see figure 2). This model arranges 
customisation in four different levels of customisation, ranging from the structure level at 
the bottom, through the performance level and the value level to the learning level at to 
top. The model has a dual view on customers at one side and products at the other side and 
it is developed so that configurator designers must decide how far up in levels the 
configurator should reach. 
Immaterial attributes,
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Story telling, Service
Complexity reduction,
Knowledge transfer,
Product = configurator + product
Architecture,
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Platforms
Functionalities, Attributes,
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Figure 2 – Customisation on four different levels 
 
Customisation: Structure Level 
Configuration on the structure level is a rather common view of configuration and is 
characterised as a matter of acquiring components, which can be used as building blocks – 
the well known LEGO bricks. Important issues are modularity, interfaces of modules and 
product platforms. Modules are defined as assemblies of components and end products are 
composed of modules (see figure 3). Very often, modularity is recommended as a 
precondition for implementation of product configuration and modules are most preferably 
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identified with clear separation of functionalities, i.e. modularity is in contrast to integration. 
Further, different architectures of modularity are worth considering. 
P1 P2
M1 M2 M3 M4 M5
C1 C2 C4 C7 C8C3 C5 C6 C9
Product Level
Module Level
Component Level
 
Figure 3 – Model of the structure with the three levels. 
Customisation: Performance Level 
On the next level, the performance of products is essential. When products are installed in 
their user environment, they perform their functions – hopefully in the expected way. 
Therefore, considerations about the ability to perform the functions, which are required by 
the customer, are very important and should be a significant subject of configuration. 
Hence, the focus of product configuration is shifted to identification and definition of product 
attributes instead of modules and components. This is particularly important in companies, 
where order horizons are long and where many changes often have to be managed.  
Figure 4 gives an overview of how underlying modules/components of an end-product in a 
product family can be determined on the basis of decisions regarding attributes.  
 
Figure 4 – Specification of modules directly or indirectly through functionalities.  
Attribute 1 corresponds to one module whereas attribute 2 determines two modules. 
Further, the figure shows that module 4 is determined by two attributes. 
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In special situations, products are units, which are not composed of multiple modules, e.g. 
parametric products, services and software products. In such cases, the end-product is 
defined by adjusting a set of parameters.  
Mapping of functional requirements to specific modules is considered in [Jiao et al., 1998], 
[Du et al., 2000] and [Männistö, 2001]. Jiao proposes to use a triple-view representation 
scheme. The three views are the functional, the technical and structural view. The functional 
view is used to describe, typically the customer's functional requirements and the technical 
view is used to describe the design parameters in the physical domain. The structural view, 
which corresponds to the structural level described above, includes the mapping between 
the functional and technical view as well as the rules of how a product may be configured. 
The description of this modelling approach is however rather conceptual, and does not 
easily implement in common configuration tools.  
The two lower levels of customisation, the structure level and the performance level, are 
rather common and widely used with many products and on all types of markets. Further 
levels of customisation will primarily relate to customers and products with higher degree of 
personalisation.  
Customisation: Value Level 
The next level, the value level, focuses on special attributes of products and also on 
immaterial attributes, which are related to customer emotions and dreams. Involvement in 
a configuration process will for many customers result in a higher degree of satisfaction and 
the customer will likely feel a stronger attachment to the solution [Pine and Gilmore, 1999]. 
The value level of customisation is therefore strongly related to personalisation. Hence, 
customers are primarily individual persons or relatively small groups. Many fashion and 
service products, for instance, are highly personalised and aim at giving the customer 
specific experiences. Examples are entertainment, personal care, wellness and travel. Many 
examples show that configurators for these types of products aim at special values of the 
products for the customers. But for many customers, ordinary products may be looked at 
with extra dimensions of personal valuation. Customer's concern for the environment may 
for instance give more preference for ecologic products. 
Because the value level focuses primarily on attributes, Figure 4 can also be used as an 
illustration of this case. In order to create good support for the value level, it is important 
that the available options are matched properly with the customer needs and it is important 
to analyse, what effect different attributes have on customers, whether they are real or 
imaginary attributes. Many products are presented with images of apparently happy people 
and admirable locations.  
An important aspect of this customisation level is authenticity [Gilmore and Pine, 2007]. 
There is a tendency that customers are becoming more sensitive and expect higher and 
higher quality of goods and services. Practically all consumers desire authenticity. Every 
person is unique and intimately aware of and valuing his own uniqueness. The consumer 
sensibility for authenticity evidences itself whenever informed individuals independently 
purchase any item with which they are intensely involved. According to this theory, many 
companies fail if they act differently than they announce that they do. In such cases, there 
may be a great risk that configuration will give a negative effect. If a company claims to be 
very conscientious, it may very fast loose great respect, if it is disclosed that some products 
for instance are produced by children and perhaps under poor circumstances. 
Means for good configurator support on the value customisation level are to present the 
perhaps unseen values of products and to provide good and reliable guidance to the user, to 
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display consequences of choices. If the options are limited, it is important to be selective 
regarding customer segments. However, some customers may be intimidated by getting a 
wrong message. In many cases it is like balancing on a knife edge; if you fall, you may cut 
yourself.  
Customisation: Learning Level 
At the top level of customisation, the learning level, the configurator offers services that 
may result in further impact on the involved customer. At this level, the transformation of 
the customer is the primary aim. A primary product is available but special aspects of the 
product lead to a learning process with the customer. Consequently, a further amount of 
services are added and such services may include a range of subjects that represent a gap 
between the customer's knowledge and what the product can offer. The lower customisation 
levels may be identified, i.e. a modular or otherwise configurable product is offered and 
appealing attributes can be presented, but addition of the learning level can create further 
attraction from the customer towards the underlying product.  
The customer's knowledge gap may be related to different areas. The product may be 
complex and difficult to understand and assess or it may be difficult for the customer to 
estimate, how the product can fulfil the requirements. Perhaps the product must fit into 
complex processes at the customer's site. Maybe the customer is a first time buyer so many 
issues are new for the customer. Therefore, it should be possible for the customer to find 
answers to questions about issues, which the customer finds complex. If customers are 
unable or unskilled to make decisions about such issues, the configurator must include 
trustworthy guidance. In this way, the configurator is integrated with the product or it can 
be seen as a part of the product. 
Like for the previous presented customisation levels, adding such additional features also 
requires a good segmentation of customers in order not to give a negative effect. Well 
skilled customers may find this kind of support as a barrier, so it is important that the 
configurator is able to adjust itself to different customers. 
Product Case: Pregnant House 
In this paper, product configuration is primarily aimed at configuration of buildings, i.e. 
buildings are in this situation regarded as the products. A specific configurable apartment 
building, the Pregnant House, is used as the case product. The Pregnant House building is 
extensible and the name pregnant refers to the occasion that, if the family gets pregnant, 
the house can also get "pregnant". 
Customers will be able to select a variety of configurations and also to some degree 
participate in design of certain solutions. The customers of apartment buildings are typically 
individuals or families. 
Application of configuration to building construction is well known, but development of 
computer based configurators provides a range of opportunities for adding new dimensions 
to the subject and configuration may also add more value to customers.  
The Pregnant House has many qualities and possibilities and embraces the best of different 
types of apartments. It has a unique architecture but, on the other hand, it also supports 
the demand for individual solutions.  
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Pregnant House is configurable in multiple ways. The primary architecture includes a ground 
floor with the possibility to add a tower, which can be one or two stories high (see figure 5). 
In addition, the width and position of the windows can be changed within some limitations. 
By this flexibility, Pregnant House offers special possibilities to bring light from the exterior 
into the rooms. 
 
Figure 5 – Three different configurations of Pregnant House 
At the facades, it is the intention to offer a range of different materials which, thereby, 
creates a variety in architecture even though the configurations are standardised. 
Internally, it is possible to make a number of arrangements of rooms and equipment of 
rooms (see figure 6). The number of rooms can be selected and rooms can have different 
size. More over, it is the intention also to add some limited possibilities for customers to 
design certain details. 
With these configuration possibilities, it is the aim with Pregnant House to offer attractive 
apartment buildings, which can satisfy a larger number of individual needs compared to 
traditional building types. Especially, the flexibility adds great value to Pregnant House 
because possible extensions of the building are planed in advance. A consequence of this is 
that it is possible to have such extensions prepared and ready for economic manufacturing. 
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Figure 6 – Different arrangement of rooms on the ground floor of Pregnant House 
Pregnant House Configuration 
The Pregnant House case is ideal because there are a reasonable large number of 
configuration options and it is possible to illustrate all levels of customisation. Apartment 
houses relate to the B2C market and, as mentioned, the typical customers are individuals or 
small groups like families. Hence, a considerable degree of personalisation is also present. 
The structure level of customisation relates to the organisation of construction components 
and, in fact, it is the intention to prepare the Pregnant House for industrial manufacturing. 
Many design issues has been related to the division of the building in order to get the most 
appropriate sections for manufacturing, transportation, assembly, etc. In addition, each 
section may be configured differently prior to the manufacturing. These configurations cover 
a number of areas like room arrangement, selection of interior, selection of coverings, 
selection of colours and selection of various building services. Segmentation of the building 
includes special development of assembly components and methods. 
At the performance level, a number of attributes can be identified in response to the 
customer needs. These attributes include the size of the living space, the selection of types 
of rooms, the size of the rooms, the orientation of the building on a given site, the 
arrangement of windows and how it is drawing light from outside into the rooms. If 
customers, in accordance with the model for customisation (figure 2), focus on these 
attributes, it will be possible to generate automatically the selection of modules of the 
building. The customers do not need to know about the segments and will expect that the 
underlying structure is unified and optimised.  
At the value level, a number of issues are also relevant. First of all, the thoroughly prepared 
architecture should make strong appeal to many customers and should support the creation 
of good bonds between the customer and the product. Secondly, the well planed options for 
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extending the building should draw significant attention. In addition, it should be valuable 
for many customers that it is possible to specify a large number of different configurations 
without substantial increase of cost. Further attributes includes quality, usability, 
maintainability, serviceability, etc. Normally, the location of the building is a very important 
attribute, but this is considered out of scope of this project. 
At the learning level, the Pregnant House project has also a number of excellent examples. 
A building is in many ways a complex product, which can be difficult to manage in an 
optimal way. Especially for customers, who are buying or renting for the first time, a 
number of issues may be complicated to understand and to decide about. A number of 
authorities have requirements and regulations about buildings, so what are the constraints 
and what rights does the owner or the tenant have? Operation and maintenance of buildings 
must be performed adequately, but there are many alternative methods and it may be 
difficult to choose an appropriate solution. Financing may also be complicated and in order 
to develop budgets it may be difficult to calculate economic estimates regarding e.g. 
heating expenses, maintenance expenses, financial payments, tax payments, etc. Support 
for customisation on this level must include the possibility to be guided sufficiently about 
such issues and many potential customers may learn from it. However, it is important that 
it is presented as extra features, which may be used on demand. No doubt such features 
may attract and appeal to certain customers but may be irrelevant for others.  
Based on the model for customisation and the identified levels in relationship with Pregnant 
House, a development of a configurator has been initiated. As part of the development 
approach, a product family model (see figure 1) is structured by following the ideas 
presented in [Jørgensen 2006]. The model will be independent on any development tool and 
differs some from the approach described in [Hvam 1999]. The primary content is the 
identified set of model component types and the identification of these types is performed 
by classification and related to each other in a hierarchical structure - the taxonomy. 
Relations about the structure are modelled afterwards. The model component types include 
the different types of rooms and the types of building components but also component 
types available for description of the customers. When this model is completed and the user 
interface is designed, the detailed development of the configurator can be performed. 
Conclusion 
Implementation of Mass Customisation (MC) by using product configuration provides the 
possibility that each individual product is specified by a configuration process, where 
customers make decisions about the solution based on a set of available options. It is 
thereby possible to configure multiple individual solutions.  
Product configuration can be applied to many products and many markets or customers and 
the development of configurators will depend on these application areas. A major distinction 
regarding markets/customers is between business-to-business (B2B) and business-to-
consumers (B2C). An important dimension here is the degree of personalisation because a 
high degree of personalisation towards individual customers or small groups of customers 
generates special requirements to product configurators. Implementation of such 
requirements, however, may also raise new opportunities for increased volume.  
Development of configurators, which can offer a good support for configuration processes 
and produce well specified individual product models, is a great challenge and, when a 
configurator is designed, a large number of design parameters must be considered and 
balanced decisions must be made. In order to support this decision making, a model for 
customisation has been developed and presented above. The model arranges customisation 
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in four different levels of customisation, ranging from the structure level at the bottom, 
through the performance level and the value level to the learning level at to top. The model 
includes a dual view on customers at one side and products at the other side. Designers 
must decide how far up in levels the configurator should reach. 
In this paper, product configuration is primarily aimed at configuration of buildings, where 
the customers typically are individuals or families. A specific configurable building, the 
Pregnant House, is used as the case product. Customers will be able to select a variety of 
configurations and thereby to some degree participate in design. Application of configuration 
to building construction is well known, but development of computer based configurators 
provides a range of opportunities for adding new dimensions to the subject. With specific 
address to the Pregnant House case, it is argued that the presented model for customisation 
on different levels can add more value to a product and make it more attractive for 
customers to select.  
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